Introduction: Prevention of occupational diseases depends on the identification of risk factors, which can be complemented by the functional assessment of workers. Objective: The aim of this study was to develop a postural and ergonomic assessment tool for the analysis of subjects' sitting posture at the computer workstation. Materials and methods: This is a quantitative, descriptive, observational, cross-sectional study. Eighty-two employees in the administrative sector of FIERGS were invited to participate in the study. The mean age was 32.8 ± 7.7 years. The IAPE (Instrumento de Avaliação Postural Ergonômica [Postural and Ergonomic Assessment Tool]) development and administration process was performed in four stages: 1) observation of the most commonly adopted postures by employees in the workplace; 2) development of the first version of the IAPE; 3) content validation by two ergonomics experts and content validity index (CVI) calculation; 4) inter-evaluator reproducibility assessment. Reproducibility was assessed by Wilcoxon test and intraclass correlation coefficient (ICC) (p < 0.05). Results: The results obtained from the calculation
Introduction
The benefits offered by information technology and its diffusion has led to the creation of computerized workstations in almost all professional areas. Computerized activities make jobs more fragmented and repetitive (1, 2) .
When combined with poor physical design of workstations and lack of ergonomic and postural knowledge by the worker, fragmentation and high repeatability of working tasks may overload the musculoskeletal system (2) .
In this context, the redesign of jobs is of paramount importance. A suitable design of computerized workstations may contribute to the reduction of occupational diseases and ergonomic hazards, and increase workers' comfort at work (1, 3, 4) .
In a computerized working environment, there are many important factors that may predispose the development of musculoskeletal disorders (5, 6, 7) . Factors that are likely to be generators of musculoskeletal pain and disorders involve inadequate postures and repetitive movements. They are considered to be major predictors of the emergence of occupational diseases and, therefore, prevention strategies need to be developed (8, 9, 10, 11) .
A very important part of a prevention program is training and education on basic ergonomics and on the use of one's body in everyday work situations and everyday life in general. Therefore, it is important that professionals with knowledge in the areas of ergonomics and posture constantly work with companies to increase awareness (12, 13, 14) . Sampaio and Oliveira (15) state that health promotion and quality of life improvement programs in the workplace are becoming indispensable and should make part of companies' culture. In this sense, an occupational physical therapist should encourage employees and help companies develop a new healthy culture of body and postural awareness.
In a company, an occupational disease prevention program starts with the identification of risk factors in the work environment (16, 17). However, prevention of occupational diseases does not depend on individual measures, but rather on the identification of risk factors, and can be complemented by the functional assessment of workers (18, 19) .
Functional assessment for risk prevention is a dynamic process which aims at identifying a person's individual needs. In this sense, the availability of standardized assessment tools has contributed to this process (20). According Baú (21), the assessment tools which can be used in the work environment are based on checklists and are systematic and objective assessments that can be used in different sectors of a company.
Couto (22), Baú (21) and Figueiredo et al. (20) believe that it is possible to obtain detailed information on employees through the use of checklists related to worker's posture and workplace ergonomics, and that this information would allow the planning and implementation of measures to improve people's working conditions.
In order to implement effective prevention measures in the workplace, it is necessary that the assessment is based on data from different sources, such as interviews, observation, resources such as photos and films, as well as the worker's own contributions. Thus, the creation and implementation of preventive guidelines should be based on the individual needs of each person, making it possible to plan and provide guidelines that make sense and actually help change a person's behavior (23).
In this context, there is a gap in the literature regarding a single tool for the evaluation of risk factors related to body posture, workplace ergonomics and the relationship between the posture adopted by a worker and the workplace furniture. Thus, the aim of this study was to develop a postural and ergonomic assessment tool for the analysis of subjects' sitting posture at the computer workstation. The assessment tool was named IAPE (Instrumento de Avaliação Postural Ergonômica [Postural and Ergonomic Assessment Tool]) (Annex 1).
Materials and methods
This is a quantitative, descriptive, observational, cross-sectional study. Eighty-two employees in the administrative sector of the Rio Grande do Sul Industries Federation (FIERGS), Porto Alegre, RS, Brazil, were invited to participate in the study, regardless of sex. The mean age was 32.8 ± 7.7 years. The employees were divided into groups according to the sectors to which they belonged and to the stages of the study: group A (30 subjects), group B (20 subjects) and group C (32 subjects). In this study were included only those employees who had been working in the administrative sector of FIERGS for at least six months. All participants signed an Informed Consent Form (ICF). The study was approved by the Research Ethics Committee of the Vale do Rio dos Sinos University, protocol number 107/2010. In this study, we used an intentional, non-probability sampling method (24).
IAPE development and assessment stages
The IAPE development and administration process was performed in four stages. First we contacted the FIERGS and requested their authorization to conduct the study. In the first stage, we observed the most commonly adopted postures by FIERGS employees in the workplace. We observed the position of the body segments, which were divided into: 1) head and cervical spine; 2) thoracic spine; 3) lumbar spine; 4) shoulder; 5) elbow; 6) wrist; 7) hip; 8) knee; and 9) ankles.
The 30 employees assessed in the first stage of the study (Group A) did not participate in the other development stages of the study. During the observation period, we observed and recorded the positions adopted by each of the nine body segments. The data collected in the first stage served as initial guidance for the development of the tool.
In the second stage, we developed the first version of the IPEA, based on other assessment tools found in the literature, such as RULA (25), REBA (26), postural should be completed with information derived from the use of interview methods, image analysis and observation of the employee and his/her workstation: A) worker identification data; B) postural analysis (position of body segments); C) ergonomic analysis of the workstation; furniture features and the relationship between user and furniture; D) assessment of the posture varying from the sitting posture (a) and of the variant posture of the trunk (b); E) descriptive evaluation of the postural and ergonomic assessment.
The first item of the assessment tool aims to gather subjects' identification data by means of an interview. These data are important for the assessment because they help the evaluator to learn more about the company and the employee. In the second item of the IAPE, three photos of the employee sitting at the computer at his/her workstation (two in the sagittal plane with bilateral view and one in the frontal plane with posterior view) were taken. Postural analysis was then performed based on the three photos. We evaluated the position of the various body segments, according to the assessment script proposed by the IAPE. The assessment script describes adequate and inadequate postures for each body segment evaluated from a biomechanical point of view. The evaluator selects the alternative that best corresponds to the posture seen in the photo. This postural analysis based on photographs is performed after the analysis of item four of the IAPE.
The third item corresponds to the ergonomic analysis of the workstation. In this section, based on the sequence of the proposed instrument, the evaluator analyzes whether the furniture is suitable for the work performed by the employee, whether the furniture has adequate features and whether it can be easily adjusted. Moreover, in this item, the evaluator also observes and evaluates the relationship between the subject and the furniture. This provides evidence on how the employee uses the furniture in the workplace.
Item four of the assessment tool provides information about postures varying from the sitting posture and about variant postures of the trunk. Throughout the entire process of administration of the IAPE, the evaluator observes the postural changes adopted by the employees, especially in relation to the position of the trunk and the sitting position. All postures adopted are registered at the end of the assessment. On completion of the IAPE assessment, the results are shown to the employee for educational purpose, in order to provide him with postural and ergonomic guidance. assessment (27, 28) and the checklist for analysis of working conditions at the computer, which was proposed by Couto (29) . We also compared them to the results obtained in the first stage of this study. In the third stage, the developed tool was assessed by two ergonomics experts. These experts assessed the tool with respect to its suitability, its content and its purpose. To evaluate the instrument, each ergonomics expert was provided a scripts in which it was possible to identify each item of the proposed tool and confirm or deny the suitability of the item. Moreover, an extra blank space for possible suggestions and comments was inserted for each item. The results obtained from the experts' assessment were analyzed using the Content Validity Index (CVI) adapted from Waltz, Strickland and Lenz (30), and calculated according to Equation 1.
CVI = Number of items assessed as equivalent by the 2 evaluators Total number of tool items
A CVI close to one indicates similarity in responses from the two evaluators regarding the analysis of the adequacy and internal coherence of the IAPE. In the fourth stage, after the ergonomics experts had given their approval, the tool was simultaneously administered to 20 FIERGS employees by 2 evaluators, in order to assess its reproducibility. This procedure was conducted by the researcher (EVA1) and by an ergonomics expert who worked for FIERGS (EVA2). During the administration of the IAPE, there was no communication between the evaluators. To assess the reproducibility of the IAPE, each item result for group B from each of the two evaluators (EVA1 and EVA2) were compared using the Wilcoxon test. Correlation between results was analyzed by the intraclass correlation coefficient (p < 0.05).
To conclude the tool development procedure, the IAPE was administered to 32 FIERGS employees (Group C), once all four stages had been completed.
Postural and ergonomic assessment tool (IAPE)
The IAPE was developed with the objective of evaluating employees working at the computer and implementing prevention strategies in the work environment. The tool consists of five items, which
Results
The results will be presented according to the four IAPE development stages and its administration to groups B and C. In the first stage, we observed the postures most commonly adopted by FIERGS employees, who belonged to group A. The most commonly observed inadequate postures from a biomechanical point of view were: cervical spine bent forwards, elevated shoulders, increased dorsal kyphosis and ulnar deviation. With regard to the sitting posture, in the first stage we found that most employees did not use the backrest of the chair and tilted their trunk forwards or ended up sitting on their sacrum. In the second stage, these results were compared with items of other ergonomic and postural assessment tools found in the literature. This helped in the construction and development of the initial version of the IAPE.
In the third stage, the designed tool was evaluated by two ergonomics experts. Both experts made suggestions and issued a favorable opinion on the adequacy and internal coherence of the proposed tool. The results of the responses from both experts were analyzed by means of Equation 1 and resulted in a CVI value of one, which means agreement between both expert evaluations of all IAPE items. The CVI values obtained show the adequacy and internal coherence of the IAPE.
In the fourth stage, the tool was tested for intraevaluator reproducibility. Twenty subjects (Group B) were simultaneously evaluated by an ergonomics expert (EVA 2) and by the researcher (EVA 1). Table 1 shows the results of the IAPE reproducibility assessment, which was performed in the fourth stage. The results showed no differences between the two evaluators in all items of the tool (p > 0.05).
The intraclass correlation coefficient (ICC) obtained from the data collected in the fourth stage -to assess reproducibility -had minimum values (r = 0.80, p = 0.00) and maximum values (r = 1.00, p = 0 00) corresponding to a high level of agreement between the assessments carried out in group B (n = 20) by the researcher (EVA 1) and the expert who worked for FIERGS (EVA2). Relationship between user and keyboard position
1.00
Relationship between user and keyboard height
Relationship between user and mouse pad position 1.00
Chair features 1.00
Relationship between user and chair 1.00 
Discussion
The aim of this study was to develop a postural and ergonomic assessment tool for the analysis of subjects' sitting posture at the computer workstation. According to our observation, which was performed in order to develop the tool, in the first stage, the most commonly adopted postures by employees were: cervical spine bent forwards, elevated shoulders, increased dorsal kyphosis and ulnar deviation of the wrist. Kendall (28) and Guimarães (31) emphasize that inadequate postures of the cervical spine and upper limbs may be directly related to sensations of strain and pain. According Baú (6) , these postures are often seen in the workplace and may contribute to the occurrence of occupational musculoskeletal disorders.
With regard to the sitting posture, we found that most employees ended up sitting on their sacrum. Baú (6) emphasizes that the sitting posture imposes a significant biomechanical load on the intervertebral discs, especially in the lower back. Brandimiller (32) affirms that sitting on the ischia relieves pressure on the intervertebral discs, and reduces the load on the hip muscles. The results obtained during the initial observation encouraged the inclusion of another item in the IAPE, in order to assess postures varying from the sitting posture. This item makes it possible to collect data for the implementation of postural guidance, especially regarding a worker's sitting posture at the workstation.
In the third stage, we conducted a content validation procedure. According to the two ergonomics experts and the CVI value obtained (CVI = 1), the IAPE shows adequacy and internal coherence. Thus, since the results obtained from the responses given by both experts were similar, this indicated that the IAPE possesses content validity.
Validity is one of the criteria that can indicate the quality of a tool. Content validity refers to the careful analysis of a tool's content. In this type of validation, the tools are assessed by experts on the subject, who may suggest the removal, addition or modification of items (33).
According to Valentini et al. (34) , the use of tools with content validity is essential for the work of reproducibility and has content validity. We found that the IAPE makes it possible to combine the evaluation of risk factors related to body posture, workplace ergonomics and the relationship between the posture adopted by a worker and the workplace furniture. In this sense, as the IAPE involves postural and ergonomic issues, and workers' attitude, it may effectively help occupational physical therapists in identifying risk factors in the work environment which are associated with the sitting posture at the computer. This tool allows the performance of an organized and proper assessment of the work environment and the creation of disease prevention and health promotion strategies, based on individualized information. In this study, the content validity of the IAPE was determined by two experts, who assessed the objectives and the content of the tool. According to Lacerda et al. (35), there are numerous empirical methods to establish content validity of a tool, but the method that seems to be most effective is asking a group of experts (judges) to compare the test objectives with its content.
In the fourth stage, the tool was tested for intraevaluator reproducibility. 20 subjects (Group B) were simultaneously evaluated by an ergonomics expert (EVA 2) and by the researcher (EVA 1) (table 1). According to Zanolla et al. (37), in addition to validity, reproducibility is also required to certify the quality of a tool. Reproducibility analyzes whether the results obtained on two occasions/under different measurement conditions are similar. In this study, this was achieved by using two evaluators. The results obtained from the administration of the IAPE showed no differences between the two evaluators in all items of the tool (p > 0.05). This shows a high level of agreement between evaluators. ICC also had minimum values (ICC = 0.88, p < 0.05), which indicates high level of agreement between the responses obtained by the two evaluators and good reproducibility of the IAPE.
A study by Farias Junior et al. (38) assessed the reproducibility levels of a questionnaire for adolescents by using the ICC. The tool showed moderate to high reproducibility levels for most of the questions, and proved to be a good option for collecting information on health-related behaviors among adolescents. The lowest ICC between items was ICC = 0.80, which, according to classification criteria adopted by Farias Junior et al. (38) , shows that the IAPE has a strong reproducibility.
Conclusion
The results obtained in this study indicate that the proposed tool, the IAPE, is adequate, has a strong 
Annex 1
Postural and ergonomic assessment tool -IAPE
1) Identification data
General data to be collected from the participant This item aims assesses the position of the body segments. To make this assessment, the evaluator carefully watches the employee at work 3) Ergonomic analysis of the workstation
The aim of this item is to assess the ergonomics of the workstation. The evaluator watches the furniture used by the employees at their workstations. 
